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Curl : Ex = Sijk jAmei

Laplacian ; E = Al = didio

Gauss theorem

IEV= normal rector
R Boundary (R)

Stokes theorem

(d .(x) =J. B

S boundary (5)

Maxwell equations: ·
E=
-

charges -XB =

Mo

% .5 + j =- VXE = - tho--

-> -

FoB = 0
-

2. E. M . waves &+ (EX = MoE]
Consider ME in ExExE= -]
vacuum!

EE = 0.
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EExE = wisho
:
E de Em

sijh genn _ diesinim
ic

gijE5 = 0 (E .E) =0 = we get

- j ; gime = -DE =

-
b
=-Ex

OEx =Mos

M.S DE =o

This is the wave equation . Function

l(z-et) with =ap is

a solution
. CE speed of light ?



E satisfies the sance equation :

* B-15 =

History ME- 1862-1864

Raddo-1894

So is redundant :

8 . 5+ Top ,
3

EibE ,t
this resling removes to from

ME. The only physical quantity
is2 =

↓

Sho



30 Integral form or Maxwell
equations

·E=
=x =usI +Mo
--

=xE =-
To B = 0 ↳ I Ev = Es->-

>

sR (d .(x) =J. B

↓ S

DE .dS

=fa
pode . B =no f + Mos d

->

·E .
d =-of (dri

o B .ds = o



4
.

EM Potentials

There is an equivalent description of CED
in terms of EM potentials which is often
more convenient
it is dir . -free

· =x * = works

O

Let's check: -

O
=Ex= ExE-0
ExE = e (e = Eti) E is curl-free

= P P works

Let's check :

·elzelde
Finally
- -

E
=-P - F



We can substitute the definitions of
potentials into ME tolind the

equations that potentials satisfy :
· E=
XB =ut-> ->

VXE = -

-> -

To B = 0

MI"

-
- 5 = 2

MI :
->

- >A + [) =15-09-
M

-ME
=M
To bring MI to the similar form :

-Ap=



MF and MIV are automatic due

to the relation
of E ,5 to 9,

5 . Gange invariance
P , uniquely
But different termine

and

correspond to the same and B
.

Indeed :
=-E- / P - p+ 2

=x -L

Leaves E
,
invariant

.
This ambiguity is

called invariance
.

It has profound
consequen
g Only E andi are observable,

hence we can use gauge transformations
to simplify the potentials .

We will use it to enforce an extra

equation that they satisfy /Lorenz
garage condition)



top +E. =o
Let us check that it is possible?

P- + = 0

#P=-

Eapossible to find a
-

Now ME simplify a lot:

-M
:0 - x = t

P-AP=

Note similarity forand P.

Below we will use this form of ME.
Given T and I one finds



Methods of solving ME
in Electrostaties

* = 5=0
,

E = -EP
,

with

= -E

It all charges are known
,
and

9- then
T

& d
This is "sum" over point-like charges

To loud I in more complicated
situations

,

we need more advanced
tods .



1. Green's Functions Method
(Jackson)

Suppose we are given a set of
charges inside some region ,

and

boundary conditions on P

↳
nar Cusually Po or

On P =0)

Tofind I inside V we would like
to first solve for the greens function
with given

S
. 2:

- BxG(X
, x) = 5(X-y)

If DxF(X ,X) =0 then

G+ F is also Green's function,
but with different b .C.



For Dirichlet and Neumann &
.C .

the

G
.
F. is unique .

Let us prove it

Neumann : n.E = -.%= ((x)

Dirichlet : 9(au = g()
As we will see below

, use le
G
.

F
. are those with homogeneous 6 . C.

If =0 or g
=0)

Let's start with proving a

master formula :

9(x) = (dxG(x)p(x
+ (d! (G(Y ,x)EP(X) - P(x)G(x ,x))
q #()



to prova let's define the quantity F :

Fefx)G(y ,x)m - P()G(y) =

= - (G(y ,x)y8(-) · P(x)=

d b
used DP = -E

used DyG(y ,x) = b(x x)

= P(x) - fG(xx) (2)

On the other hand
,
Gauss theorem applied

toA gives

F =(dG(y ,x)() - P()G(x ,
x)). (2)

Combining (1) and (2) gives (4)



istrue forany
bonda

Depending on the problem it is

convenient to choose GN or GD

Pg() - chose GD : Golo

9m=x()p(x)-fg
ou

If , instead ,

-%= ((x) - choose GN : En

9(x) = 5(dxG(x ,x)p(x) +

#(d! GEP(X)
q



In what follows we will use Uniqueness
of the solution to N and D problems·

Suppose there are two solutions & and 12

P =- , Pig ,
or difi = y

,
2

Consider U = Q-P2
,
and integrate

xu = 0

jeleu) = fly" = Eu = 0
↓

V V
11 -Gauss 9-Q=const

.

((EU) = 0 Leither Koren

du
vanishes (

It follows that GD andEn are

also unique (up to adding a coast to GN)


